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S U M M A R Y  

The cha rac t e r i s t i c s  of Moon's radio emission are considered 
a t  accounting of t he  effect  of antenna radiation pattern.  It iS s h m ,  
than when the  pa t t e rn ' s  width is more than 40'. the  received rad io  emis- 
si03 of the Moon is de fac to  in tegra l .  The r e s u l t s  of ca lcu la t ions  are 
u t i l i e e d  for a more precise  determination of the parameter 61 by the 
experimental data. 

* 
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I n  order t o  determine the  propert ies  of the  upper mantle of 
of the 1-loon by t h e  character of its rad io  emission, received on d i f f e ren t  

antennas, i t  is  necessary t o  es tab l i sh  the  re la t ionship  between these pro- 
p e r t i e s  and t h e  observed cha rac t e r i s t i c s  of rad io  emission. A t  present the 
quant i ta t ive  re la t ionship  is establ ished in two extreme cases, correspond- 

i n g  t o  the width of antenna rad ia t ion  pa t te rn  being much less or  much more 
than the angular dimensions of the Moon [l, 21. The case is also considered 
i n  

mensions of the Moon, However, because of s ign i f i can t  mathematical d i f f i -  

c u l t i e s ,  the computations of [l] were conducted a t  s impl i f ied  assumptions 
as regards the d i s t r ibu t ion  of surface temperature. On the  b a s i s  of cal- 
cula t ions  of the thermal regime of lloon's s u p e r f i c i a l  layer, coneucted i n  

C37, the  d i s t r ibu t ion  function of surface temperz.ture wa6 established. 

[l], when the width of antenna r ad ia t ion  pa t te rn  equals the  angular di- 
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The u t i l i z a t i o n  of t h a t  function and of the corresponding theory in the 

nrcsent work (see 113) provided t h e  p o s s i b i l i t y  of es tab l i sh ing  the  gene- 

ral t h e o r e t i c a l  correlat ions,  l ink ing  anong themselves the r ad io  emission 
of the center  of the disk and tha t ,  averaged with the accounting of anten- 
na rad ia t ion  pattern. This w i l l  a l l o w  the  comparison of experimental da ta  

obtained with various radiat ion pat terns .  

1. - GENERAL CORREUTIONS 
I- -- -~ -.-- 

As is w e l l  known [l], during measurenents of Noon's r ad io  emission 

one determines only t h e  e f fec t ive  tenpereture of the Moon averaged by the  

rad iz t ion  pa t te rn  
+x/2 

T _ _  --x/2 
- J j  T,(P, % 0 F(y, 9) cos2 II, cos 'P dv d J) 

* (1) co - 
+:12 
j j  F(7, +) cos2+ c o s y  d y  d $  

- x / 2  

where T,(?,+,f) i s  the e f f ec t ive  tempsrature of the port ion of the surface 
with se leqogaphic  coord imtes  ?. 9;F(.g.  9 )  is t5e r ad ia t ion  pa t t e rn  of the  
antenna, eyrpressed i n  lunar  coordinates. 'Je s h a l l  assume t h a t  the antenna 

Failiation pa t te rn ,  Characterized by the width 6 on the  half- level  of power, 

cons t i t u t e s  r? body of revoluti-n, t h a t  the pa t t e rn ' s  axis passes through 
t h e  center of t h e  lunar disk, w h i l e  the l a t e r a l  lobes are absent. It is 
p r n s t i c a l  t o  reFresent a radiat ion pa t te rn ,  characterized by a s ing le  lobe, 

by a Gaussian curve. The pa r t  of the  r ad ia t ion  pa t te rn  by power, wr i t ten  
i n  lunar  coordinates and bounded by Moon's angular dimensions, has, a8 is 
easy t o  be convinced, the € o m  

F(?,  9) = exp - In2(1 - coss? cos? 9) - , 
d' 2 3 

where 6 is the width of antenna rad ia t ion  pa t te rn  over half- level  of power 

emressed  i n  ra.Gians, d is the mean angular diameter of the  Noon. 
Inasmuch as the d i f f e r e n t i a l  cha rac t e r i s t i c s  of Moon's radio emis- 

s i o n  are expressed most simply f o r  the  center  of the lunar dusk, t he  radio 

emission of the  rloon, averaged with the  accounting of antenna r ad ia t ion  

p a t t e r n  i s  easy t o  represent through r ad io  emission of the  disk 's  center, 
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by introducing t h e  appropriate coaversion factors.  Subs t i tu t ing  in (1) the  

cor re l s t ion  (2) a d  the  expreEsion for T,(p, J,, t )  i n  tlie form of harmonic se- 

r i e s  (see f o r  e x a p l e  C43), a d  e f f e c t i n g  the  necessary transformations, 

we sfiall obtain the expression for Tea 
of the  center of Iloon*s disk. * : 

through the  e f fec t ive  temperature 

Eere (I-RL) is t h e  emit t ing capabi l i ty  of t h e  center  of the  disk,  

is the s h i f t  i n  phme of radio m i s s i o n  of disk's center  r e l a t i v e  t o  sur- 

face heat ing.  (1 - R I )  P o ,  T,,(O) are res- 

pect ively t ?e  constant component and the  n-th harmonic averaged by coordi- 

na t e s ,  t d c i n r  i n t o  account of t h e  pa t te rn  and t h e  e f f ec t ive  temperature. 

The si,? of the n-th harmonic w i l l  be deternined by the  exponents 

a d  (1 - RI) X T,,(O) ~ n a / , / f ~ > ~ ~  

(n-1) ( n - 2 )  
a, = ( / I  = I ,  2, 3, 4). 

2 

The coef f ic ien t  Boa is given by the cor re la t ion  

and the coEplementary s h i f t  i n  phase is  AF,,=arctg(B,,/A,), The values of A, 

a n C  S, are expressed as follows: 

e/. e 

* 
fac tors  depend OR the  width of the  antenlla rad ia t ion  pat tern.  

I n  the case under consideration, and contrary t o  [2], the averaging 
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J J  F(cp, $)cos") cos? dvdq 

In the cor re la t ions  (6) and (7) the normalized dependellces of harmonic 
amplitudes on l a t i t u d e  ( see  fo r  exaople [2 3 )  ?Te q*($), m d  

1 cosr'=- ,/+-I + c ~ ~ p ? ~ ~ ~ ~ ~ '  

The expression (3) a l l o w 6  t o  make use f o r  the in t e rp re t a t ion  of 
.6  

experimentzl dicti?, obtained w i t h  a r b i t r a r y  rad ia t ion  patterns,  of correla-  

t ions ,  w e l l  known for t h e  cer te r  of t he  disk ,  ir, connection with which it 
is necesczry to know t b e  fac tors  a d  PRO and the  addi t ional  s h i f t  in 
Dhase Atm.  The computatior ol' t h s e  f a c t o r s  does not appear t o  be analyti- 
cally possible an2 t k a t  is why i t  was completed with the a i d  of a conputer 

for various values of E , L  a n d  for a broad i n t e r v a l  of tbe quant i ty  6' 

varizt ion.  

2. - RESULTS OF CtlLCUL4TIONS 

The dependences of the coef f ic ien ts  b, hJ, b, /& and !40 on 
width of the  pa t te rn  over half-level by power axe p lo t ted  in Fig. 1 - 4. 
As may be seen from these figures, when the  rad ia t ion  pa t te rn  width is >&', 
the  averaging f ac to r s  Bno do not prac t i ca l ly  vary at fu r the r  increase of d 
and correspond t o  the values of the coe f f i c i en t s  PI, obtained in [23 for 
the i n t e g r a l  radfo e?rission. This means t h a t  for a>40' the  width of the  

pattern does not  have t o  be taken i n t o  account tiuring the ca lcu la t ions  of 
the  e f f ec t ive  teinperature of the 1-loon ( t h a t  is postulate  F ( V.9) = 1 in the  

co r re l a t ions  ( l ) ,  (4), (6)  and (7 ) ) ,wh ich  corresponds t o  the case of in te -  
qrol r a d i o  emission of the 1;oon. considered by us e a r l i e r  c23. If t he  

width of the pa t t e rn  is  < 5 * ,  the coe f f i c i en t s  P,me near t he  unity,  and, 
consequently, the e f f ec t ive  tenperature corresponds i n  t h i s  case t o  the  

br ightness  temperature a t  the center of the lunar disk. 
As may be seen from Fig.l, the constant component of the e f f ec t ive  

temperature deIpends on the  value of the d i e l e c t r i c  constant of the  Moon's 
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FiF. 1. - Dependence of the fz.ctor 
. ea#  

F i g .  2. - Z>epcncienoe of pw on 6 for 
on u for various values of E. vzrious wmelengtb A and G = 1.5 

F i n .  3. - Dependence of plq on 6 
for various wavelenfths a d  ha !curve 11, 9% (curve 21, PI, 

Fi?, 4, - Dependence of the faotors 

€ s3. (curve 3 )  on 6. The faetors b.f&, 
and p4a do not practically depend 

on Aand t .  
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up?er m a n t l e  and decrezses by about 5 percent when E varies from 1 t o  3. 
The first haruonic of radio emission depends on the d i e l e c t r i c  constant 

cs well as on wtvelenath (Figs. 2 and 3). 
As w a s  shown by the  conducted coaputations, the higher harmonics 

of the e f f ec t ive  t eape ra twe  are quite weakly depeadent on t and A. Yhen 

the 2 i e l e c t r i c  constant and the :.lavelen;r+,fr v m y  within the lirilits 1,i 6 ~ 9 3  

ar,d O , l < l <  10 c ~ t  the corresponCing f ac to r s  Bna (n = 2.3, 4 )  

than 1 percent. Ixl p r a c t i c a l  cg lcu la t iom of i%mn'c r ad io  enission this 
varizt ion may be neglected mc! we say estimate b g ,  b and 81. as independent 

from and t . The t h i r d  and the fourth harmonic of the e f fec t ive  t e m p e r a -  
tu re  decreese rapidly as the width of the  pa t te rn  increases  t o  a neglecting- 

ly small value (Fi,.;. 4). For 02.40' only two hzmonics are practically presant 
i3  the received radio e?).lscic?n. As fol1ows from the computations conducted, 

the factors fi,d(case of arbitrary width of rarl iation pat tern)  can be repre- 
sented witk c? su f f i c i en t  precision by the f z c t o r s  p a f o r  the i n t e g r a l  rridio 
er?issic?n of t h e  :loon i n  t h e  form of the s inp le  ana ly t i ca l  cor re la t ion  

vary by no more 

f n o = ( 1  - ~ , , ) c x p [ - i n 2 ~ ] + ~ , , ,  a' 

Oon 

The valuss of tke coe f i i c i en t s  p,, for V r V i O U S  

FiTs. 1 - 4 (by the l i n i t  vCue of 

not: de.nen,;erit on and assume tke values coypiled i n  Table 1. 

& azd A are  determined from 
6 f o r  6 > 40' and the values of 6 are P* 0, 

I I I I I 

The averaged e f f ec t ive  temperature, tnkinp I n t o  account the  rad ia t ion  pa t te rn ,  

lags r e l a t i v e  t o  the varintion of the brightness temperature of the center  

of the  lunsr disk. 
The addition-1 s k i f t  in phase occurring a t  averaFing, does not exceed - 3O, provided Q 

is r.>narentl:i caused by the i r r e g u l a r i t y  of lunar  surface's heating. As the 

reAiati?F p t t s r n  width decreases the quantity A€ decreases and may be 
ne515 c t e  2. 

40' (case of integral radio emission of the Moon), and 
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t.-e brought out in Xr. 5, as exaxple, t h l  phwe dependences of 

Moon's e f fec t ive  t e p e r a t u r e ,  compte6 far various 6 and numerical values 

of T, (0) and Vn, carresuondag to r s ( K re)-'= 400 C63, cleml:r denon- 
stratin? the e f f - c t  of the averaginf a c t i o n  of antenna r ad ia t ion  pattern.  

I 

I 

Fig .  5. - kFhase dependence of Iiloon's radio 
i n  0.4cn wavelength f o r  various vzlues of the width 6 

emission 

of radiat ior-  pattern. 

3. - SO% coNcLusIoNs 

The results obtained allow a more prec ise  calculat ion of the cha- I 

r n c t e r i s t i c  parameter tl by experimental data obtained with any r ad ia t ion  

pattern. A s  is w e l l  known, when inves t iga t ing  experimentally the Moonls 
rzilio enission in wrvelengths < 10cm, the  r ad io  of the constant component 

of tiie e f fec t ive  temperature t o  t he  amplitude of the  first hcrmonic its 
determined : 

I 

I 

M,,c,, = TeJTel. (8) I 

The very same r a t i o ,  obtained d u r i n g  our calculat ions,  is 

Equating (8) and ( 9 )  and tdsing i n t o  account, according t o  [5], t h a t  I 
To ( 0 )  /TI (0) - 1.5, we shall obtain a correlation for the  determination 
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For t =  1.5 (see  for exmple L4]), the ca lcu la t ion  of the  parameter 

8, WBF mate epc::rdbg t o  the available e x p e r h e n t a l  data. The r e e u l t s  of 
tLat  cs lculnf ion ca=e cozpiled in the  "able 2 hereaf ter .  

1.80 
1.7 
2.40 
2.7 
2.4 
2.1 
1.6 

!:?" 
1.45 
1.95 
2.25 
1.75 
2.05 
1.97 
1.9 
1,4 

T A B L E  .2 

- 
1.97 

2.4 

1.6 

- - 
- 

c33 - 
1.95 
+ 

2.0 - 
- 

- 

1,4 

I %"I p, 

1 .R 
2.0s 
3.15 
2.7 
:).PI 
(i.16 
5.28 
.-#.I 4 
6,O 
6.22 
5.63 
6.47 
!IS 

16.2 
13.1 
16.1 
15.5 
15.2 
31 

- 
' Ref. 

It rnax be s - e n  fro= the  T2ble 2 t h a t  the mean vrilue of the  r a t i o  
is near 2, A c e r t a i c  decrease is observed i n  wavelengths 0.13 and 1.6 cm, 
which is zpoareytly caused by the  increase in the absorption coe f f i c i en t  

of these rediownves i n  t he  lunar matter. I n  order t o  c l a r i f y  the nature  of 
this e f fec t ,  tl ie cmryinp out of addi t iona l  measurements 5x1 close wavelengths 
is desirable.  I? the 9.6cm wavelength the  ver iable  conponent of radio 
ez i s s ion  is nuitc small a n d  the pzraneter 

e r r o r  t k a n  i n  o t3er  wavelengths. 
is measured with a greater 

The author is gra t e fu l  to V.G. Ryabikova for programing the problem. 
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